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TEGHNfOAL FIELD 

5 [0901] The present invention relates to an inter-radio communications system snferference avoidance method appli- 
cable to the case where a plurality of radio communications systems usmg different frequencies are instated in me same 
area 

BACKGROUND ART 

m 

imQ2] When a plurality of radio communications systems are installed In the same area, the frequencies assigned to 
ihern must be divided to avoid interference between their radio signals. On the other han^, transmitters for performing 
radio communications cannot perfectly prevent transmitted signals from ieateng to the outside of thesr frequencies, 
thereby producing leakage power to the frequencies outside their own. This is illustrated in Fig. I. As is seen from Fig. 
1 > although the leakage power is much smaller than the total transmission power; it can provide very large interference 
to adjacent frequencies depending on the locations of base stations and mobile stations. This will be described with 
reference to Fig. 2. 

[0003] In Fig. 2y a first radio common ice* tons system 1 1 0 and a second radio comm unications system 1 20 are installed 
in the same area, and employ adjacent frequencies. A mobile station 114 belonging to the first radio communications 

30 system 1 10 is very close to a base station 1 22 of the second radio communications system, and trans rnits to a base 
stafion s 12 of the first radio communications system 1 10 which is farther away from it man from the base station 122 of 
the second rad jo communications system 1 20. The mobile station 1 1 4 cannot change its belonging from the first radio 
communications system 110 to the second radio communications system 120 during its communication. 
[0004] In this case, the leakage power even from the adjacent frequency brings about very large interference to the 

3 base station 122 of me second radio comm unications system 1 20. Because of the interference, the base station 122 of 
the second radio communications system 120 may be unabie to receive transmitted data from a mobile station 124 of 
the second radio communications system 120. 

In view of this, the conventiooai radio communications system assigns an unassigned frequency hand called 
a guard band between the frequency bands employed by the two radio communications systems as illustrated in fig. 

so 3 { thereby preventing the interference from taking place even in the case as shown in Fig. 2, 

[000^] However, frequency resources are Urn ited , and the guard band has a disadvantage of decreasing the frequency 
utility efficiency. Sn particular, in broadband radio communications systems such as a CDMA (Code Division Multiple 
Access) system, the guard bands required become broad, resulting in marked reduction in the frequency utility efficiency. 
On the contrary; eliminating the guard band win reduce the capacity in terms of the number of subscribers because of 

35 me interference. 

Document US 5 740 536 deals with the problem of adjacent-channel interference and provides methods for 
avoiding ad|acen^channei conflicts within a ceil, between abutting sectors in sectorized cells and for reducing the number 
of adjacent edges between abutting ceils or sectors. Power control is used to reduce the power of ongoing caSSs in mobile 
stations located close to the base station, 

40 

DISCLOSURE OF THE INVENTION 

[0008] An object of the present invention is to avoid the inter-radio communications system interference by h siting the 
transmission of a mobile station causing the inter-radio communications system interference rather than by assigning 
4& the guard bands. 

(G0G9J According to a first aspect of the present invention < there is provided a composite radio communications system 
containing at least two radio communications systems in one geographical area, each of which includes atleast one 
base station and at least one mobile station, and uses different frequencies, in which a mobile station belongs to one of 
the radio communications systems in a communication mode, and cannot change thai ta<i\o communications system 
so during the communication mode, said composite radio communications system being characterised in that: said mobile 
station comprises means for monitoring a communication with a first base station belonging to a first radio communication 
system; a second bass stattoo belonging to a second radio communication system comprises means for transmitting 
an interfering signal at a frequency used tor said first radio communication system; and said mobile station comprises 
means for monitoring received signal qualify of a downlink channel under said: interfering signal and means for discon- 
necting said communication wfth said first base station when the received signal quality monitored drops below an 
acceptable level 

[0010] Such a configuration makes effective use of the frequencies possible because the interference between the 
systems is avoidable without the guard band between the frequency bands needed for the conventional radio eomrnu- 
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nications systems, 

P$1 1] Gener a8y, the mobile station In the radio cammuh (cations system has a f uncSors to terminate its communication 
vvhen communlcatiorj qua^ty is degraded. Hence, .the frequencies can be effective by used by only adding to the base 
station a function of transmitting an interfering signal without adding any special control function. 
5 [00121 The transmission of the Interfering signal from the base s ration can be carried out by utilteing leakage power 
or by equipping an interfering signal transmitter, 

[P013] The base station may comprise a receiver for measuring a received signal levelat ibe adjacent f requency; and 
transmit the interfering signal at the adjacent frequency on iy when the uplink received signal level exceeds an acceptable 
level, 

io [801 4] With such a configuration, since the base station performs its transmission at the adjacent frequency only when 
necessary, the downlink interference to the adjacent radio communications system is reduced, 
[001 3] Furthermore* since the base station mentors directly the frequency band causing me interference, the accuracy 
of the estimation of the interference is improved. As a result thepossMfty of undue termination of the communication, 
or the possibility of causing large interference is reduced, 

? 5 [001.S] The base station can measure the uplink interference level at the receiving frequency band, and transmit the 
interfering signal at the adjacent frequency oniy when the uplink interference level exceeds an acceptable level. 
[001 7] This configuration can reduce the downlink interference to the radio communications system using the adjacent 
frequency because the base station carries out its transmission at the adjacent frequency only when necessary , and 
can obviate the necessity of providing the base station with any additional receiver because the base station makes a 

$0 decision as to whether to start or terminate the transmission of the interfering signal by measuring the interference level 
at the frequency assigned to the base station, 

[OCrf&j According to a second aspect of the present invention, there is provided an interference avoidance method tor 
avoiding interference between at Seas! two radio communications systems belonging to the same area, each or which 
radio communications systems includes at least one base station and at least one mobile station, and uses different 

£5 frequencies , in wh ich a mobile station belongs to one of the radio communications systems in a communication mode, 
and cannot change thai radio communications system during the communication mode, said interference avoidance 
method being characterized by the steps of: at said mobile station monitoring a communication with a first base station 
belonging to a first radio communication system; at a second base station belonging to a second radio communication 
system: transmitting an interfering signal at a frequency used for said first radio communication system; and at said 

30 mobile station: monitoring received signal quality of a downlink channel \jmle^ said interfering signal, and disconnecting 
said communication with said first base station when the received signal quality monitored drops below an acceptable 
level 

[001 9] This configuration can prevent the downlink interference from being increased because the base station does 
not transmit any interfering signal. 
m {mm\ in addition, since the mobiie station measures the level of the adjacent frequency in a straightforward manner, 
the accuracy of estimating the effect of the interference increases, and the possibility of unduly terminating the commu- 
nication is reduced, 

[0021] The mobile station can comprise a receiver for measuring a received signal level at the adjacent frequency, 
and terminate its transmission when the received signal level exceeds an acceptable level. 
4® [80££J The mobife station can also measure the received signal ieveS at an adjacent frequency by switching its receiving 
frequency when reception is not required m a standby mode or communication mode, and halt its transmission when 
true received signal ievet exceeds the acceptable level 

This configuration can obviate the receiver far measuring the received signal level at the adjacent frequency, 
making \l possible to reduce the size of the mobile station. 

45 

SRiEF DESCRIPTION OF THE DRAWINGS 

so Fig, 1 is a diagram illustrating leakage power from an assigned frequency to outside frequencies in a conventional 

system; 

Fig. 2 is a diagram illustrating an example in which leakage power provides an adjacent frequency with large 
interference power in the conventional system; 

Fig. 3 is a diagram illustrating a guard band between two radio comrounicatsons systems in the conventional system; 
Fig. 4 is a diagram showing an overall configuration of the radio communications system in accordance with the 
present invention; 

Fig. 5 is a diagram illustrating frequencies assigned to base stations of Fig, 4; 

Fig. 6 is a block diagram showing a configuration of a base station in accordance with the present invention; 



Fig. 7 is a block diagram showing a configuration ot a mobile station in accordance with the present invention;; 
Rg. 8 is a diagram showing an example of interference of interest; 

Fig. 9 is 3 diagram illustrating leakage power to a receiving frequency band of the base station; 
Rg, 10 Is a graph iliustrating relationships between the size arid power consumption of a mobile station and the 
s leakage power to an adjacent frequency; 

Rg, ii is a diagram illustrating received power and interference power in the rnobise station; 

Fig. 12 is a block diagram showing a configuration of the base station in accordance with the present invention. 

which can generate and transmit noise; 

Fig. 13 is a biock diagram showing a configuration of the base station in accordance with the present invention, 
io. which can measure the received signal level at the adjacent frequency; 

Fig. 14 Is a block diagram showing a configuration of the bass station in accordance with the present invention, 
which can estimate the received signai levsi of the adjacent frequency; 
Fig. 15 is a diagram illustrating uplink interference; 

Fig. 18 is a diagram illustrating leakage power from the base station to the receMng frequency hand of the mobile 
^ station; 

Fig. 1 7 is a block diagram showing a configuration of the mobile station in accordance with the present invention, 
which can measure the received signal ieve! of the adjacent frequency; and 

Fig. 10 is a block diagram showing another configuration of the mobile station in accordance with the present 
invention, which can measure the received signal level of the adjacent frequency. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0^25] The embodiments of the present invention will now be described with reference to the accompanying drawings. 

25 [Configuration of Radio Communications System] 

P32®j First a radio communications syst^nVin accordance 
to Figs. 4-7. 

[0827] Fig. 4 shows the overall configuration of the radio communications system in accordance with the present 
30 invention, fn Fsg . 4 y a base station 41 2 and a mobile station 4 1 4 befong to a first radio communications system 41 0, and 
a base station 422 belongs to a second radio communications system 420, Service areas 418 and 428 of the first radio 
communications system 4 10 and second radio communications system 420 overlap each other. The mobile station 4 14 
cannot change its belonging from the first radio communications system 41 Oto the second radio communications system 
420 during its communication. 

35 [002$] Fig. 5 illustrates transmission frequencies and receiving frequencies assigned to the base station 412 and base 
station 422. As iSlustrated in Fig; 5, adjacent transmission frequencies and adjacent receiving frequencies are allotted 
to the base station 412 and base station 422. 

[0oa9] Fig, 6 shows an embodiment of a base station in accordance with the present invention, The base station has 
a function io pass on communication signals between mobile stations and a communications network, and is connected 
to the mobile stations by mm channels. An antenna 610 receives a radio signal transmitted by a mobile station, and 
transmits a radio signal to the mobiie station. A duplexing unit 620, which is a directionat coupler for sharing the antenna 
61 G between transmission and reception, has a transmission filter and a reception filter of the radio frequencies as 
illustrated in Fig. 5. Reference numerals 630 and 840 designate a transmitter arid a receiver, respectively, A baseband 
processor 650 processes signals from a communications network 880 such as a public network and radio signals sent 

4 * from mobile stations. The transmitter 830 comprises a modulator 631; a mixer 632 f an intermediate frequency (If) 
oscillator 633, a bandpass filter (BPF) 634, a mixer 636. a radio frequency (RF) oscillator 836 and a transmitting amplifier 
637. The receiver 640 comprises a demodulator 641, a mixer 642. an intermediate frequency (§F) oscillator 643, a 
bandpass filter (3PF) 644, a mixer 645, a radio frequency (Rf ) oscillator 646 and a receiving ampilrier 647. 
[0030| The processing in the base station as shown in Fig, 6 will now be described to the point where a signal from 

5C trie communications network is transmitted to the mobile station. The sjgnai transmitted through the communication 
network is converted by the conventional baseband processor 660 into a baseband signal to be transmitted to the mobile 
station (see, t, Qohi, eiaL< "Further Results on Raid Experiments of Coherent Wideband QS-CDMA Mobile Radio" t 
lEICE Trans. Commun.> Vol JES1-B, No. 6 June, 1998). Besides, the baseband processor 650 adds a comroi signal or 
performs error correcting code processing as needed. The baseband signal under goes digital modulation by the mod- 

ss u later 631, and then converted into an IF signal by the IF oscillator 633 > followed by the attenuation of signets outside 
the transmission band by the BPF 634 : and by the conversion into a radio frequency signal by the RF oscillator 636. 
After that, the signal is amplified by the transmitting amplifier 637, and is transmitted through the duplexing unit 620 and 
antenna 610. 
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[<i031 j Next, the processing will be described up to the point where a signal from the mobile station is transmitied to 
the communications network. The radio signal received by the antenna 61 0 is fed to the duplexing urvii 620 which selects 
only the desired receiving frequency. After amplified. by the receiving amplifier 647, She received signal is converted into 
an IF signal by the RF oscillator 646, followed by the attenuation or frequencies outside the desired frequency by me 
s BPF 644. Subsequent the signal is converted by the IF oscHiaior 643 Into a baseband signal, and then undergoes the 
digital demodulation by the demodulator 64 1 < After carrying out the error correcting decoding processing and extraction 
of lha controi signal the baseband processor 650 converts the slgnaMnto a signal to be transmitted to the communications 
networ K and sends the signal to the communications network 860, 

[0032] Fig. 7 ban embodiment of the mobile station in accordance with the present invention. An antenna 710 receives 
10 a radio signal transmitted by the base station, and transmits a radio signal to the base station. A duplexing unit 720 is 
a directionai coupler for sharing the antenna 710 between transmission and reception. Reference numerals 730 and 
740 designate a transmitter and a receiver, respectively. A baseband processor 750 is a conventional unit thai processes 
a signal from terminal equipment 760 and a radio signal that is sent from the base station and received by the receiver 
740. The transmitter 730 comprises a modulator 731 , a mixer 732, an intermediate frequency (if) oscillator 733 , a 
w bandpass fifter (BPF) 734, a mixer 735, a radio frequency (RF) escalator 736 and a transmitting amplifier 737, The 
receiver 740 comprises a demodulator 741 , a mixer 742, an intermediate frequency (IR oscillator 743, a bandpass filter 
(8FR744. a mixer 745, a radio frequency (RF) oscillator 748 and a receiving amplifier 747. As easily seen, the config- 
uration is nearly the same as that of the base station as shown in Fig, 6 except that the terminal equipment 760 is 
connected instead of the communications network. 
00 [0033] As an example of the terminal equipment 780, there is a handset which comprises a speaker, a microphone 
and a voice codec processor. It has a function that produces sound from the speaker by converting the digitarslgnai 
from the baseband processor 750 into vo;ce and a function that converts the voice input from the microphone into a 
d:gitaJ signal, and supplies it to the baseband processor 750. 

[0034] Because the operation of the mobile station is s imitar to that of the base station as shown in Fig. 8> th e description 
£5 of the signal processing by the mobile station wiii be omitted here. 

[ Embodiment 1] 

An embodiment 1 can handle a problem of Interference to the receiving frequency of the base station 422, 
30 which is caused by the leakage power of the mobile station 414 to the adjacent frequency as Illustrated in Fig, 4, Here, 
an example to which CDMA is applied as a communication scheme will be described. An example of interference is 
illustrated in Figs. 8 and 9, 

p336] In Fig, 8, the base station 412 communicates with the mobile station 414 as in Fig. 2. At the same time, using 
a f req ueney ad|acent to the frequency assigned to that communication,, the base station 422 carries out its communication. 

35 Fig. 9 Hlustrafes an example of the leakage power to the adjacent frequency during the transmission by the 

mobile station 414. in the example as illustrated in Fig. 9, the power attenuated by 40d8 from the transmission power 
at the transmission frequency of the mobile station 414 appears in the receiving frequency of the base station 422, 
[0033] The leakage power level is mainly determined by the distortion characteristics of the transmitting amplifier 737 ? 
transmission f liter characterisfe in the duplexing unit 720 and the characteristics of the BPF 734 . However, as illustrated 

40 in Fig. 10, the size and power consumption of the mobile station is inversely proportional to the leakage power to the 
adjacent frequency. Thus, the leakage power to the adjacent frequency must be allowed to some extent to reduce the 
size and power consumption of the mobile station. 

[0039] Let us assume in the example as shown in Fig, 3 that the processing gain - 20 d8< and interference power at 
the base station 412 is -1 05 dBrm The received power at the base station 412 from the mobile station 41 4 can be obtained 

*5 by subtracting the propagation loss (145 dB) from the transmission power (30 d8rn) ? which results in -1 15-tiBm.. Thus, 
the received SIR (Signal to Interference power Ratio) is -115 dBm -{-105 dBm -20 dBm) ~ 10 dB. On the other hand, 
the leakage power to the adjacent frequency caused by the transmission by the mobile station 414 is 30 dBm - 40 dBm 
= -10 dBm. On the basis of this, and considering the propagation foss of 80 dBm {since the mobile station 41 4 is closer 
to the base station 422 than to the base station 41 2, the propagation loss to the base station 422 is less), the interference 

so power at the base station 422 is -90 dBm. Because the value is greater than the interference power {-1 OS dBm) of the 
base station 412 by 15 d3m< a mobile station linked with the base station 422 must increase its transmission power by 
that amount; Thus, some of the mobile stations linked to the base station 422, which carry out their communications at 
transmission power close to the maximum transmission power, will suffer the influence of the interference from the 
mobile station 41 4> which causes the degradation in communication quality and disconnection of the communications. 

55 [0040] To avoid such Interference, the present embodiment h aits the transmission from the mobile station 41 4, The 
radio communications system has a function to disconnect the radio channel when a bad reception quality continues. 
For example, in the configuration of the mobile station as shown in Fig, 7, the baseband processor 750 continuously 
measures an error rate by detecting errors in the received signal, and makes a decision that the reception quality fails 
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below alhreshotel level when the error rate exceeds a predetermined level, thereby halting the communication (disconnect 
the channel for example). Memafrveiy, the demodulator 741 in Fig. 7 measures me received SIR so as to halt me 
communication when ihe received SIR fails below a threshold level, The conventional radio communications system 
usually has a function to monitor Ihe reception quality and halt the communication. The present invention can utilize ihe 
5 function to stop the transmission of the mobile statson 414. The operation of the present embodiment 1 will now be 
described with ref erence to Fig. 1 1 . 

[0041] in Fig. 11 , the mobile station 414 provides the base station 422 with interference as m Fig, 8, in which case, 
the base station 422 : transmits an interfering signal to the receiving frequency of the mobile station 414, Assume that 
the transmission power from the base station 412 to the mobile station 414 is 30 dSm, the processing gain - 20 d8 and 

w me interference power a! Ihe mobile station 414 is - 105 dBm, Then, the received SIR at the mobile station 414 is 
catoulatedas -i rsdBm - {-105 d3m - 20cJ8ro) - 10dBm. Let us further assume that the maximum transmission power 
from the base station 41 2 to the mobile station 41 4 is 35 dSm, and the communication is discon neeted when the received 
SIR at the mobile station 414 is equal to or less than 3 dBmv in which case, the base station 422 transmits the interfering 
signaJ to the receiving frequency of the mobile station 41 4, 

1* [0042] When ihe base station 422 transmits the interfering signal of - 1 0 d8m, for example, the interference power at 
the mobiie station 41 4 Increases by -90 dSm, and the received S^R becomes equal to or less than -5 dBm. Even if the 
base station 412 increases its transmission power to the maximum transmission power, the received SiR is equal to 'or 
less ihan G-dBm, and hence the communication is halted. Thus- the interference from the mobile station 414 to the base 
station 422 is halted, ensuring the reception quality a! the base station 422. 

20 [0043] A configuration for transmitting the interfering signal from the base station will now be described. As described 
before, the leakage power to the adjacent frequencies is inversely- proportional to size of the device. Because the 
requirement for the size of the base station is less severe than that for the mobile station, ihe size of the base station is 
accepted to some extent to limit the leakage power to the adjacent frequency to a low level. In the present embodiment 
1, however, the base station must send the interfering signal to the adjacent frequency. Accordingly, in the base station 

55" as shown in Fig. 6> the distortion characteristic of the transmitting amplifier 637. the transmission filter characteristic In 
the duplexing: unit 620 and the characteristic of the BP?-' 634 are varied so mat the required interfering signal can be 
transmitted at the adjacent frequency. 

[0044] In th is way, in the present embodiment \ f the has e station continuously transmits the leakage power, which is 
proportfonal to the transmission power ai the frequency assigned to the base station, at the receiving frequency of the 
30 adjacent mobile station (adjacent frequency). 

[Embodiment 2] 

[0045] In the embodiment 1 \ the base station continuously if ansmris, at the reeehnn g f requency of the adjacent mobiie 
36- station, the leakage power of the levet as described above, A simple configuration is shown in Fig, 12 for transmitting a 
desired fevel of power to provide the interference to the receiving frequency of the adjacent mobiie station, in Fig. 12, 
a transmitter 800 is added to the configuration of the base station as shown in Fig, 6. This makes it possible for the base 
station to transmit a radio signal with an appropriate magnitude to provide the interference to the receiving frequency 
band of the adjacent mobise station Independently of Ihe transmission power of its frequency. m Fig. 12, the like portions 
40 to those of Fig. 8 are designated by the same reference numerals. 

P3046] In Fig. 12, the transmitter 800 comprises a noise generator 810, a mixer 812 and a bandpass filter 014. The 
mixer 812 converts the noise generated by the noise generator 810 to an IF signal using a signal fed from an IF oscillator 
633'. The IF oscillator 833' can also oscillate the frequency which deviates by the difference between the frequency 
assigned to the base station and the receiving frequency of the adjacent mobile station {tbatjs, the difference between 
the transmission frequencies of the base stations 422 and 412 in Fig. 5). Therefore, Ihe passband of Ihe BPF 814 is 
deviated from that of the BPF 634 by that amount The output of the BPF 814 is converted through the mixer 635 and 
Rf oscillator 838 into a signal vvilh the receiving frequency of the adjacent mobile station, and is transmitted through the 
transmitting amplifier 637 f duplexing unit 820 and the antenna 610. The transmitting amplifier 837 and the transmission 
f I Iter In the duplexing unit 620 have characteristics that can transmit the adjacent frequency as described In the embod- 
50 imentl, 

£00473 Thus providing the base station with the second transmitter 800 makes it easier for the base station to transmit 
at the receiving frequency of the adjacent frequency the interfering signal with an appropriate magnitude for halting the 
transmiss&n by providing the interference io the mobile station, 

55 {Embodiment 3} 

{004$] in the embodiments 1 and 2, the base station continuously transmits the interfering signal of a certain magnitude 
at the receiving frequency of the adjacent mobile station. In contrast with this, in the present embodiment 3 as shown 
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in Fig, 13. the base station transmit the .interfering signal at the receding frequency of the adjacent mobile station as 
necessary. 

[004^} Fig, 13 shows a base station corresponding to the base station as shown in Fig. 12 plus a level measuring 
receiver 920 for measuring the level of the received signal at me adjacent frequency. In Fig, 13, like portions to those 

5 of Fig. 12 are designated by the same reference numerals. 

[Qm®] in Fig. 13, a bandpass Iter (EPF) 922 of trie level measuring receiver 920 is suppled with the received signal 
converted into the IF frequency by the RF oscillator 846 and rrazsr 645. and extracts a signal of the adjacent frequency. 
The signal is converted 'into a baseband signal using an IF oscillator 643* and a miser 924, The IF oscillator 643' can 
also generate the frequency deviated by an amount corresponding to the adjacent frequency. A demodulator 926 de- 

to' modulates the output of the mixer 924 and measures its level A levef decision section 928 compares the level with a 
predetermined level. When it is ■found -as a result of the comparison that the level of the received signal at the adjacent 
frequency is higher than the predetermined level, the transmitter 800 is activated. Thus, the Transmitter 80Q transmits 
the interfering signal oHhe appropriate level to the adjacent frequency band as described before, 
[0051]' Assume in Fig, .13 that the leakage power to the adjacent frequency is lower than the transmission power by 

**' 40 dB during the transmission of the mobile station, then, the Interference power which is lower by 40 dS than the 
received signal level at the adjacent frequency, is added to the signal at the receiving frequency. Therefore, if the 
acceptable level of the interference power from the adjacent frequency in the base station &s -lOOdBm, the base station 
starts to transmit from the transmitter 800 the interfering signal to the adjacent frequency when the level measuring 
receiver 920 makes a decision that the received signal level ofthe radio communications system exceeds -60 dBm. The 

20 interference cause by the interfering signal transmitted halts the communication of the mobile station at the adjacent 
frequency, thereby reducing me interference power from the adjacent frequency. 

[Embodiment 4] 

■ 2S Although the base station has the receiver for measuring the received signal level of the adjacent frequency 

in the embodiment s, the present embodiment 4 as shown in Fig. 1 4 can estimate the interference level without installing 
such tevei measuring receiver. 

The base station of the present embodiment 4 is configured as shown in Fig, 1 4 , in which like portions to those 
of Fig. 12 are designated by the same reference numerals, in Fig, 14, the demodulator 841 measures the interference 

30 fevel. The interference level measured undergoes the level decision by a level decision section 928* as wilt be described 
below, if it is found as a result of the level decision that the interference takes place from the mobile station using the 
adjacent frequency, the base station activates the transmitter 800 to start the transmission of the interfering signai at 
the adjacent frequency, thereby halting the transmission of the mobile station causing the interference. This will he 
described in more detail with reference to Fig. 15. 

38 [GDS4jj In Fig. 15, the base station 422 conducts communications with mobile stations 424, 426 and 428. To reduce 
ihe interference tn the CDMA radio communications system, the transmission power control is carried out such that the 
received signal level at the base station does not exceed a certain level. For example, let us assume that the total 
received signal level at the base station 422 is controlled such that it is limited up to the thermal noise level plus 10 dB. 
Thus,, if the measured result of the interference level exceeds the thermal noise level plus 1 0 d8 ( the into rference from 

*o another radio comm unioations system is expected . For example, when the mobile state 4 14 belonging to another rad io 
communications system causes large intefferencs to the base station 422, the interference level at the base station 422 
will exceed the thermal noise level plus 1 0 dB. Accordingly, using the +.10 dB as the reference of the level decision, the 
leakage power from the mobile station using the adjacent frequency can be estimated. 

[O05£]j By thus measuring the Interference iavel the base station 422 can transmit the interfering signal to the- adjacent 
*5 frequency. In response to the interference, the mobile station 414 halts its transmission at the adjacent frequency. As 
a result the interference power from the adjacent, frequency • reduced, 

{ Firs i Comparative Example] 

so [<30&8] In the foregoing embodiments 1 -4 ( the interfering signal generated by the base station halts the transmission 
of the mobile station that conducts its communication using the adjacent frequency. In contrast with this, in the present 
comparative example « the mobile station detects that it provides interference to the base station carrying out commu- 
nication at the adjacent frequency, and halts its transmission. . 

[GGS7] in the stales as shown in Figs. B ^d 1 1 , the mobile station 414 causes large interference to the base station 
55 422. Assume thai the leakage power from the base station 422 to the receiving frequency of the mobile station 414 is 
as shown in Fig. 16, and that the total transmission power of the base station 422 is 40 d8m. Then, the received signal 
fevel of the mobile station 414 at the adjacent frequency is -100 dBm (~ 40 dSm - SO dSm - SO dBrn) taking account of 
the propagation loss of 80 d8. Accordingly, when the acceptable interference level is -i 1 0 dBm, for example, the mobile 
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station 414 must halt its transmission. 

£0®8§J The acceptable interference level MS. LEV at the adjacent frequency measured fey the mobite station can be 
determined as follows, 

5 



where 

MS..LEV: Acceptable level of interference at adjacent frequency measured by mobile station, 
BS„ ROW; Total transmission power of base station; 

8S..ATT; Attenuation amount of adjacent frequency leakage power with respect to base station transmission power 
(>0); 

8S„LEV; .Acceptable level of interference from adjacent frequency at base station; 

MSWATI: Attenuation amount of adjacent frequency leakage power with respect to mobsfe station transmission 
power {> 0); and 

MS^POW: Transmission power of mobile station, 

?-Q imm\ Thus deferrmmng the MS LEV enables the mobiie station to estimate from the received signal levei of the 
adjacent frequency measured by the mobile station the interference level at the base station, and to make a decision 
on haitfng its transmission- 

£0060] An example is shown in Fig, 17 in which the mobiie station measures the received signal level of the adjacent 
frequency, in Fig. 1 7, like portions to those of pig. 7 are designated by the same reference numerals, 

25 [GOSi] In Fig. 1 7. the received signal converted into the if signal by the RF oscillator 746 and mixer 745 Is supplied 
to an adjacent frequency receiver 930 . The adjacent frequency receiver 930 extracts the signal of the adjacent frequency 
using' a bandpass filter 932< an IFoseiitafor 743 ! and a mixer 934, The signal is supplied tea demodulator 936 to measure 
its level, and a feve* decision section 938 carries out the level decision described above. The decision output Is supplied 
to the baseband processor 750 which makes a decision from the decision result as to whether to halt the transmission 

so from the mobile station or not. 

[0062] The configuration makes it possible to reduce the interference to the base station caused by the leakage power 
from the mobile station using the adjacent frequency. 

[Second Comparative Example] 

[OO&SJ \n the present second comparative example as shown in Fig. 18, the mobile station estimates the interference 
to the base station communicating at the adjacent frequency band ; and halts its transmission as in the first comparative 
example. Although it is necessary for the mobile station in the first comparative example to comprise the receiver for 
receiving the adjacent frequency signal, the mobile station in the present comparative example receives the adjacent 

40 frequency signal when no reception is necessary in the standby mode or in the communication mode, and estimates 
the interference to the base station by the mobiie station iiseif. in Fig. IS. tike portions to those of Fig. 7 are designated 
by the same reference numerals. 

in the mobiie station as shown in Fig. 18, the baseband processor 750' commands, when no reception is 
required In the standby mode or in the communication mode, the bandpass filter 744' to change the passband frequency 

45 and the IF oscillator 743" to change Its oscillation frequency, thereby changing the receiving frequency of the mobile 
station from its assigned frequency to the adjacent frequency. The demodulator 741 measures the received signal level 
of the adjacent frequency signal received, and supplies it to the baseband processor 750' which makes a decision on 
whether to halt the transmission from the mobile station or not in response jo the measured result 

Although the present invention is sxpiained by way of example of avoiding the interference between the two 

so radio communications systems in the foregoing: embodiments 1 -4, the present invention can also be applied to the case 
where three or more ratffc communications systems- .ihterniingte mim s.afrie-,ar®a.. Furthermore* the present invention 
is applicable to the case where a single radio communications system includes micro-cell layer and macro-cell layer 
which use different frequencies, and cannot conduct handover (switching of a radio channel during communication) 
between a micro-cei! and a macro-ceiS, in order to avoid the interference between the micro-ceil and macro-ceil 

6$ 

'INDUSTRIAL A^PLiCABIUTV 

[0066] As described above, according to the present invention, to suppress the uplink interference from a mobile 



EP1 OOi lSt Si 



station in an external system when two or more radio communications systems. intermingle In the same area, trie 
transmission from the mobile station causing the interference can be hatted 

[00071 Thus, according to the present invention/ the Interference from the mobile station in the external system can 
be prevented without providing the guard bands, which can increase the frequency utility efficiency without degrading 
$ the communication quality. 



Claims- 

1. A composite rad io com 

area,, each of which includes at feast one base station and a! ieast one mobile stetson , and uses .different frequences, 
in which a mobile station (4t4) belongs to one of the radio communications systems in a communication mode, and 
cannot chan go that radio communications system during the communication mode, said composite radio commu- 
nications system being ctes&t@Hs®d \n that: 

15 

said mobile station {414) comprises means tor monitoring a communication with a first base station (412) 
belonging to a first radio communication system (410); 

a second base station (422) belonging to a second radio communication system (420) comprises means for 
transmitting an interfering signal at a frequency used for said first radio communication system (410) as a 
?Q response of a measurement ; and 

said mobile station {41 4) comprises means for monitoring received signal quality of a downlink channel under 
said interfering signal and means lor disconnecting said communication with said first base station (41 2) when 
the received signal qualify monitored drops below an acceptable level. 

-25 ■% The composite radio communications system as claimed in ciaim 1 > wherein the transmission of the interfering signal 
from said second base station (422) is carried out by utilising leakage power. 

3v The radio communications system as claimed in claim 1 v wherein said second base station (422) comprises an 
interfering signal transmitter for transmitting the interfering signal from said second base station. 

30 

4* The radio communications system as cf aimed in claim 1 or 8, wherein said second base station {422) comprises a 
receiver for measuring a received signal ievei of an uplink channel at said frequency used for said first radio com- 
munication system (410), 

wherein said second base station transmits (4223 the interfering signal at said frequency only when the received 
55 signal level of the uplink channel exceeds an acceptable level at said receiver, 

£. The radio communications system as claimed in claim 1 or 3, wherein said second base station (422) comprises; 

means for measuring an uplink interference levei to the assigned frequency band; and 
4 ® means for transmitting the interfering signal at said frequency used for said first radio communication system 

(410) only when the interference level exceeds an acceptable level. 

'& Asecond base station belonging to a second radio communication system (420) in a composite radio communications 
system containing at least two radio communications systems {410, 420} in one geographical area, each of which 

■■45 includes at least one base station and at least one mobile station, and uses different frequencies, in which a mobiie 

station belongs to one of the radio communications systems in a communication mode, and cannot change that 
radio communications system during the communicator! mode, and the mobile station monitors received signal 
quality of a downlink channel, and disconnects a communication with a first base station (412) belonging to a first 
radio communication system (41 0} when the received signal quality drops below an acceptable level, said second 

so base station (422) being £haraet&irjs@£i fey comprising: 

means for transmitting an Interfering signal at a frequency used for said first radio communication system (410) 
as a response of a measurement. 

7* An interference avoidance method tor avoiding Interference between at least two radio communications systems 
belonging to the same area, each of which radio communications systems in etudes at least one base station and 
at least one mobile station, and uses different frequencies, in which a moblie station (414) belongs to one of the 
radio communications systems in a communication mode, and cannot change that radio communications system 
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during the communication rnocfe. said interference avoidance method being ctsar^cto'lzsd by the steps of; 

at^aics rnobjie station (414) monitoring a communication! with a first base station (412) belonging to a first radio 
communication system (41 G); 

5 at a second base station (422) belonging to a second radio communication system (420): transmitting an 

interfering signal at a frequency used for said first radio communication system (410) as a response of a 
measurement; and 

at said roobiSe station (414): monitoring received signal quailty of a downiink channel under said interfering 
signal and disconnecting said communication with sale: first base station (41 2} when the received signal quality 
w. men i lored drops below an acceptable level 



ts i . Zusammengesetzies FunJ^o^muhikatkJnssystem, das aumindest zwei Funkkommunikafbnssysteme in einem gso^ 
graphischen Gebiet beinhaltat v^ob^.i jedes vo 

umfasst und unterseh iediiche Frequenzen verwendet woberesne yooilstation (414) in einem KornmunikaHonsmo- 
dus zv einem der Bjnkkommun^kationssysteme gehort und dieses Funkkommunikationssystem wahrend des Kon> 
munikationsmodus nk?ht wechsein kann, dsdurch ge&srssreeicfonel, dass 
so dieMpbHs$attori(4l4}eineanrfe 

(412), diezu einem ersten Funkkommunikatsonssystem (41 0) gehort; 

eine zweste Basisstation {422), die zu einem zweiten Funkkommunikatlonasystem (420) gehdrt, eine Einrichtung 
aufweisf zttfn QbeTtragen eines intetfe tier enden Signals auf einer Frequenz, die fur das erste Funkkommunikati- 
onssystem (41 0) verwendei wird, als Reaktion auf eine Messung; und 
3fr die JVTobi (station (41 4) eine Einrichlung aufweist zum Oberwachen einer Eropfangssignalqualitat eines Abwartsstrek- 

kenkanais unter dem interferiereflden Signal und elm Einr icfttung aufweist. zum Unterbrechen der Kommunikation 
mil der ersten Basisstation (412), wenn die uberwachte EmpfangssignaiqualiJ&t unter em aksepiabtes Niveau fallt 

2. Zusammengesetztes Funkkommuntkationssystem gernaB Anspruch 1, bei dam die Obenragung des tnterfsrteren- 
*o den Signals von der zweiten Basisstation (422) durch Einsatz von Sickerverlustteisiung durchgefuhrt wird. 

3. Funkkomrnunikationssystem gernaB Ansprueh 1, bei dem die zweite Basisstation (422) einen Sender fur ein inter- 
ferierendes Signal zum Obertragen des intetferierenden Signals von der zweiten Basisstation aisf waist. 

35 4. Funkkommunikationssystem gernaB Anspruch 1 Oder 3, bei dam die zweite Basisstation (422) einen Ernpf anger 
aufweist zum ^lessen eines Empfangssignainiveaus ernes Aufwartsstreekenkanais auf der Frequent, die fur das 
erste runkkommunikationssystenn (410) verwendet wird, 

wobei die zweite Basisstatjon (422) das interferierende Signal nurdann auf dseser Frequent ubertragt, wenn das 
Empfangssignainiveau des Aufwartsstrec kenkanais an dem Empfanger ein akzeptabfes Niveau uberscnreltet. 

40 

§, Funkkommunikationssystem gernaB Ansprueh 1 oderS, bei dem die zvveite Basisstation (422.) atriweist: 

eine Einrichtung zum Messen ehes Aufwartsstfecksfvintarferenzniveaus be^ugllch des zugevyiesenen Pre- 
quenzbands; und 

45 eine Einriehtung zum Obertragen des Interferierenden Signals auf der Frequent die fur das erste Funkkom- 

munikationssystem (410) verwendet wird, nur dann, wenn das interferenznivsau ein akzeptables Niveau uber- 
schreitet 

6. Zweite Basisstation, die zu einem zweiten Funkkommimlkationssystem (420) in einem zusammengesetzten Funk- 
so kommunskationssystem gehort ? das zurrtlndest zwerFunkkommunikationssysterr: e (41 Q> 420) in einem geograpni- 

scben Gebiet bai^haltet, wqbei jedes von diesen zumindest e?ne Basisstation und zumsndest eine Mobifstalion 
umfasst und unterschiedifehe Frequenzers verwendet wobei eine Mobiistafion in einem Kommunikalionsmodus zu 
einem der Funkkornmunikationssysteme gehort und dteses Funkkomrnanikationssystem wahrend des Kommuni- 
kationsmodusn}cht wechseifvkann s und die Mobilstation eine Empfangssignaiquaiitat eines Abwartsstreckenkanais 
5$ Oberwacht und eine Komrnunikation mit einer ersten Basisstation (41 2) » die zu einem ersten Fun kkom muni kations- 

system (410) genort, unterbricht, wenn die Empfangssignalqualitat unter sin akzeptables Niveau fai it, c3a€§yreh 
9^feiai3^£hn^ da©s die zx^eiie Basisstation (422) aufweist 
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eine Einrichtung zum Obertragen ernes interfenerenden Signals auf eher Prequenz, die fur das erste Funk- 
kornmunikationssyste^ (410) verwendet wird, ais Reaktion auf elrie Megsung. 

7, i nte derenz verme idungsve rfahren zum Vermeiden von intefferans zwischen zurmndest zwei Funkkommunikatjons- 
5 systememdiazudem gteicften Gabietgeftdren, w^^ 

eine Basisstation und zumindest eine Mobi (station umfa.sstund umerschiediiche Frequensen verwendet wobei eine 
Mobiistaiion (414) in e^nem KommuniKationsrnodus zu eineni der Funkkommunikationssysteme gehdrt und dieses 
f unkkommunikationssystern wahrend des . Kammuni'katbnsfnDdus nicht wechseln kann, g&ksnns&tetast dareh 
dieSehritte: 

10 

Uberwachefi einer Komfmunikation mit einerersfen Basiss&tton (415), die zu einem ersten Funkkornmunikati- 
onssystern (410) gehdrt an der Mobiistatioh (414); 

Ubertragen eines infcerferierenden Signals auf einer Frequent, die fur das erste Funkkommunikationssystem 
(41 0) varwendet wi rd , ais Reaktion auf eine Messung, an einer zweften Basissiation (422), die zu einem zwefteo 
75 Funkkommunikationssystem (420) gehort; und 

(ibsrwaehen einer Empfangsslgnalquailtat eines Abwa?isatreek$nNan.als untar dam interferi erenden 'Signal und 
Unterbrechen der Kornmun ikata mit der ersten Basisstation (412), wenn die uberwachte Empfangssjgnaiqua-- 
MX unter ein akzepsabies Niveau fSfft, an der MoDifstation (414). 



1- Systeme da communications radio composite contsnanl au rnoms deux systemes: de bommunicatians: radio dans 
una zone geograpftique, cnacun d'eux cornprenant au rooins una station da base et au mains une station mobile 
^ et utiilsant differenles f requences > dans iequel una station mobile (414) apparent a Tun des systemes de eommu- 

nications radio dans un mode de communication etna pent pas changer ce systeme de communications radio 
pendant !e mode decommur^ : 

iadite station mobile (41 4) comporte un moyen destine a controler une communication avec une premiere station 
30 de base (41 2) appartenant a un pram ier systeme (41 G) de commun Icatipns radio ; 

une seconds station debase (422) appartenant a un second systeme (420) de communications radio comporte 
un moyen destine .a- .emettre un signal d'inierference a une frequence utilises pour fedit premier systeme (410) 
de communications radio en tant que repcnse d'une mesure ; et 

iadite station mobile (414) comporte un moyen destine a eontrofer |a quaiite d 5 un signal recu d'un canal de 
3$ liaison descendants .sous ledit signal d s interference, et un moyen destine a d econneetef iadite communication 

avec ladjte premiere station de base (412) lorsque ia quaiite du signal reeue controlee chute en dessoys d- un 
niveau acceptable. 

2, Systeme de communications radio composite salon la revendicatlon 1 dans lequei remission du signal d 'interference 
*Q a pariif de iadite seconda elation de base (452} est executee en uiiiisant une puissance de fulte. 

3.. Sysieme de communications radio composite seion ;a revendseation 1 , dans lequei iadite seconde station de base 
(422) comporte un emetteur de signal dMerference destine a emettre le signal dlnterference depuis iadite second© 
station de base. 

45 

A, Systeme de communications radio composite se-on la ■ revendieatton 1 ou 3, dans lequei Iadite seeonde station de 
base (422) comporte un recepteur destine a mesurer un niveau da signai recu d\-n canal de liaison montante a 
Iadite frequence utilisee pour iedit premier systeme (410) de communications radio, 

dans lequel Iadite seeonde station de base (422) emet !e signai dlnterference a iadite frequence uniquement iorsque 
^0 le niveau du signal reou du canal de liaison montante depasse un niveau acceptable audit recepteur. 

& Systeme de communications fadk> composite selon la revendicatlon 1 ou 3, dans toque! Iadite seeonde station de 
base (422) comporte : 

5 5 un moyen destme a mesursr un niveau d Interference de Haison montante a ia bands de frequence af fectee ; et 

un moyen destine a emettre is signal ^Interference- h Iadite frequence utifis^e pour ledit premier systeme {41 0) 
de communications radio uniquement lorsque te niveau d' interference depasse un niveau acceptable. 
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Second© station de base appartenant a un second systems (420) de comrnunteatisxis radio dans un .systems de 
communications radio composite comenant au mains deux systemes (410, 420} de communications radio dans 
une zone geographies chaque systeme eomprenant ay moins une station de base et au moins une station mobile 
st utaisant diMrentes frequences, um station mobile appartenant a. Tun des systemes de communications radio 
dans un mode de communication et ne pouvant changer ce systems de communications radio pendant le mode da 
communication, et la station mobile controlanUa quaiite d'un signal recu d'un canal de liaison descendants et 
deconnectant une communication avec un premiere station de base (412) appartenant a un premier system© (410) 
,d& communications radio lorsque Ja. quality du signal recu chute en dessous d'un niveau acceptable, iaoite seconds 
station de base (422) etanf $® qu'eiis comporte : 

un moyen pour eroettre un signal d'interf France a una frequence ut&see pour iedit premier systeme (410} de 
communications radio en tant que reponse d'une mesure, 

Pfocece pour eviter une Interference entre m moins deux systemes de communications radio appartenant a ia. 
meme zone, chaque systems de communications radio eomprenant au moins une station de base et au moins .une 
s$atbn mobile et utliisant differentes frequences, una station mobile {4 1 4) appartenant a Tun des systemes de 
communications radio dans un mode de communication et ne pouvant pas changer ce systeme de communications 
radio pendant le mode de communication, ied it precede pour eviter une interference elan* caraeier3s£ par ies 
etapas qui consistent : 

au niveau de iadite station mobile (414), a controier une communication avec une premiere station de base 
(412) appartenant a un premier systeme (410) de communications radio ; 

au niveau d'une seconde station de base (422) appartenant a un second systeme {420 j de communications 
radio, a emettre m signal cf interference a una frequence utilisee pour ietiti premier systeme (41G) de commu- 
nications radio en tan* que reponse d'une mesure ; et 

au niveau de iaoiie station mobile (414), a controier la qualite du signal recu d'un canal de liaison descendante 
sous Seciit signal d'intefterence, et a deconnecfer lad ite communication avec iacaite premiere station de base 
(412) iorsque la quanta du .signal recu controfee chute en dessous d'un niveau acceptable. 
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